###### Strengths and limitations of this study

-   This is the first study to evaluate the patient pathways and associated resource use, health outcomes and corresponding costs attributable to managing PUs over 12 months from initial presentation in the community in clinical practice in the UK.

-   This study was undertaken using real-world evidence derived from the anonymised records of a sample of patients in the THIN database (a nationally representative database of clinical practice among \>11 million patients registered with general practitioners (GPs) in the UK).

-   The estimates were derived following a systematic analysis of patients' characteristics, wound-related health outcomes and all community-based and secondary care resource use contained in the patients' electronic records.

-   Computerised information in the THIN database is collected by GPs for clinical care purposes and not for research, consequently the accuracy of wound descriptors and other terminology have not been validated, but does reflect real-world documentation in clinical practice.

-   The analysis does not consider the potential impact of those wounds that remained unhealed beyond the study period nor the potential impact of managing hospital inpatients with a PU and those being cared for in nursing homes/residential homes.

Introduction {#s1}
============

Pressure ulcers (PUs) are localised areas of injury to the skin or underlying tissue, or both, and are caused by external forces such as pressure, or shear, or a combination of both.[@R1] They often occur in areas of bony prominence, such as the sacrum and the heel.[@R2] Populations at risk of pressure ulceration include those with spinal cord injuries,[@R3] and those immobilised or with limited mobility, such as elderly people and people with acute or chronic conditions that might limit movement or bodily sensation, or both.[@R4]

The National Pressure Ulcer Advisory Panel, European Pressure Ulcer Advisory Panel (EPUAP) and the Pan Pacific Pressure Injury Alliance have agreed a definition and categorisation of pressure injury.[@R5] This states that PUs vary in severity from non-blanchable erythema of intact skin (category 1) and partial-thickness skin loss with exposed dermis (category 2) to full-thickness skin loss (category 3) and full-thickness skin and tissue loss (category 4). Some severe ulcers with obscured full-thickness skin and tissue loss are unstageable.[@R5] There is agreement across the UK that this categorisation system is used in clinical practice and categories 1--4 are used for incident reporting.

The Burden of Wounds study reported that PUs accounted for 9% (n=153 000 patients) of all wounds managed by the UK's National Health Service (NHS) in 2012/2013.[@R6] The annual NHS cost attributable to managing these wounds and associated comorbidities was estimated to be £531.1 million.[@R7] After adjustment for comorbidities, the annual NHS cost was estimated to be between £507.0 and £530.7 million.[@R7]

Wound management is now of such concern that the UK Parliament (House of Lords) debated developing a strategy for improving the standards of wound care in the NHS.[@R8] One of the major categories of wounds is PU, and all healthcare systems recognise the importance of PU prevention. Many PUs are avoidable and their prevention is in domain 5 of the Department of Health's NHS outcomes framework 2014/2015.[@R9] A successful PU prevention and wound management strategy requires a holistic assessment of the patient, their skin status and their individual risk profile. Management should encompass patient and carer education, repositioning, skin care and the use of suitable pressure relieving devices combined, where necessary, with nutritional support and the use of appropriate wound care products.[@R10] Despite this, there is negligible published evidence on the presentation and management of PUs in clinical practice within the community in the UK. Accordingly, the objective of the present analysis was to follow a cohort of patients in clinical practice from initial presentation of a PU in the community to evaluate in greater depth how patients are managed, and the impact of this on healing and NHS costs.

Methods {#s2}
=======

Study design {#s2a}
------------

This was a retrospective cohort analysis of the case records of patients with a newly diagnosed PU randomly extracted from The Health Improvement Network (THIN) database. The perspective of the analysis was that of the UK's NHS and the time horizon was 12 months from initial presentation in the community.

The Health Improvement Network database {#s2b}
---------------------------------------

The THIN database (IMS, London, UK) contains the electronic records of *\>*11 million anonymised patients collected from \>550 general practices across the UK. Read codes are used to code specific diagnoses in the THIN database.[@R11] The patient composition within the THIN database has been shown to be representative of the UK population in terms of demographics and disease distribution,[@R12] and the database theoretically contains patients' entire medical history, as previously described.[@R6] Hence, the information contained in the THIN database reflects actual clinical practice.

Study population {#s2c}
----------------

The authors had previously obtained the electronic records of a random sample of 6000 patients with a wound from the THIN database. The study population of 209 patients was selected from this cohort of 6000 patients according to the following criteria:Were 18 years of age or over.Had a recorded diagnosis of PU after 2012.Had one of the following Read codes for a PU: 39C1.00; 39C2.00; 39C7.00; 39C8.00; 39C9.00; 39CA.00; M270.00; M270.11; M270.14; M270400; M270z00; M271.00; ZQ39.11.Had at least 12 months continuous medical history in their case record from the first mention of their PU unless it healed.

Patients with a hospital-acquired PU or those with a dermatological tumour were excluded from the data set. Patients who died within a year of the diagnosis of their PU were also excluded, since the study design was to examine the trajectory of these wounds over a full 12 months from initial presentation unless it healed.

Patient and public involvement {#s2d}
------------------------------

Patients and members of the public were not directly involved in this study. The study population was limited to the anonymised records of patients in the THIN database.

Study variables and statistical analyses {#s2e}
----------------------------------------

Information was systematically extracted from the patients' electronic records over a period of 12 months from initial presentation of their PU. This included patients' characteristics, comorbidities (defined as a non-acute condition that patients were suffering from in the year before the start of their wound), wound-related healthcare resource use (ie, dressings, bandages, topical treatments, negative pressure wound therapy, district nurse visits (who provide care within a patient's home), practice nurse visits (who provide care within a general practitioner's (GP's) surgery), GP visits, hospital outpatient visits, laboratory tests), prescribed medication (ie, analgesics, non-steroidal anti-inflammatory drugs (NSAIDs) and systemic anti-infectives (principally antibiotics)) and clinical outcomes (ie, healing and putative infection). If a patient received a bandage or dressing on a specific date, but a clinician visit was not documented in their record, it was assumed the patient had been seen outside of the general practice by a district nurse. No other assumptions were made regarding missing data and there were no other interpolations.

The use of individual healthcare resources was quantified for all the patients, individually. These quantities were then used to estimate the mean amount of individual healthcare resource use attributable to managing a PU over 12 months from initial presentation in the community. Healthcare resource use was also estimated by stratifying patients according to their category of PU.

Differences between two subgroups were tested for statistical significance using a Mann-Whitney U test or χ^2^ test. Differences between three subgroups were tested for statistical significance using a Kruskal-Wallis test or χ^2^ test. Logistic regression was used to investigate relationships between baseline variables and clinical outcomes. Kaplan-Meier analyses were undertaken to compare the healing distribution of different subgroups. The p values \<0.05 were considered statistically significant and have been reported. All p values ≥0.05 were not considered to be statistically significant and these numerical values have not been reported. All statistical analyses were performed using IBM SPSS Statistics (IBM UK, Portsmouth, Hampshire, UK).

Cost of patient management {#s2f}
--------------------------

The NHS cost of wound care for each patient was estimated by assigning unit costs at 2015/2016 prices[@R13] to the quantity of healthcare resource used by individual patients. The mean cost of utilisation of each healthcare resource was then combined in order to estimate the mean NHS cost of managing a PU over 12 months from initial presentation in the community. The cost of wound care was also estimated by stratifying patients according to their category of PU. Accordingly, the study only considers the cost of patient management attributable to a PU and does not estimate patients' overall healthcare costs.

The estimated cost of patient management excluded those borne by non-NHS organisations for providing pressure relieving equipment and other aids by Social Services. Also excluded were the costs of any nutritional supplements.

Sensitivity analyses {#s2g}
--------------------

Deterministic sensitivity analyses were undertaken to assess how the cost of PU management changes by varying the values of clinical outcomes and resource use.

Results {#s3}
=======

Patients' characteristics {#s3a}
-------------------------

According to the patients' records, the 209 patients in the data set had only one PU. If a patient had multiple PUs, it was not documented. Eleven per cent of patients had a category 1 PU, 7% had a category 2 PU, 60% had a category 3 PU, 10% had a category 4 PU and 12% had an unstageable PU. The patients' age was a mean of 77.2 years per patient; 87% of the cohort were \>60 years of age. However, 9% were ≤50 years of age. Patients' baseline characteristics are summarised in [table 1](#T1){ref-type="table"}.

###### 

Patients' baseline characteristics

  --------------------------------------------------- -------
  Mean age per patient (years)                        77.2
  Percentage female                                   61%
  Mean systolic blood pressure per patient (mm Hg)    126.1
  Mean diastolic blood pressure per patient (mm Hg)   71.8
  Mean BMI per patient (kg/m^2^)                      24.3
  Percentage with BMI \<18.5 kg/m^2^                  15%
  Percentage with BMI ≥18.5--24.9 kg/m^2^             28%
  Percentage with BMI ≥25.0 kg/m^2^                   44%
  Percentage with unknown BMI                         13%
  Percentage with a category 1 PU                     11%
  Percentage with a category 2 PU                     7%
  Percentage with a category 3 PU                     60%
  Percentage with a category 4 PU                     10%
  Percentage with an unstageable PU                   12%
  Percentage who were wheelchair users                9%
  --------------------------------------------------- -------

BMI, body mass index; PU, pressure ulcer.

Thirty-five per cent of patients acquired their wound within 3 months of hospital discharge of which 17% occurred within a month of discharge, 9% within 1--2 months and 10% within 2--3 months. Sixty-five per cent of patients had no recorded history of a hospital admission in their record in the 12 months from initial presentation of their wound.

The patients had a mean of 5.8 comorbidities per patient and this was not significantly different between those with a different category of PU. Patients with a category 1 PU had a mean of 6.4 comorbidities per patient. Those with a category 2, 3 or 4 PU had a mean of 6.0, 5.7 and 6.2 comorbidities per patient, respectively. Patients with an unstageable PU had a mean of 5.9 comorbidities per patient; and 44% of all the patients had diabetes. Patients' comorbidities are summarised in [table 2](#T2){ref-type="table"}. There were no significant differences in the incidence of comorbidities between patients whose PU healed and those whose wound did not heal within 12 months from initial presentation.

###### 

Patients' comorbidities

  Comorbidity           Percentage of patients with comorbidity                       
  --------------------- ----------------------------------------- ---- ---- ---- ---- ----
  Cardiovascular        79                                        91   73   78   70   84
  Musculoskeletal       79                                        86   80   75   90   84
  Neurological          51                                        64   47   51   30   60
  Dermatological        53                                        41   40   56   50   56
  Psychiatric           37                                        59   27   31   50   44
  Endocrinological      50                                        64   27   54   45   40
  Gastroenterological   37                                        32   27   35   60   40
  Respiratory           33                                        36   33   29   50   32
  Oncological           24                                        23   33   23   25   28
  Renal                 32                                        32   40   32   30   28
  Cerebrovascular       16                                        14   13   16   10   24
  Genitourinary         29                                        27   13   35   15   20
  Ophthalmological      20                                        18   7    19   40   16
  Otolaryngological     22                                        27   33   20   35   16
  Hepatological         3                                         5    0    2    0    8
  Immunological         8                                         18   7    6    15   8
  Haematological        5                                         5    0    7    0    4

PU, pressure ulcer.

Nine per cent of the patients were wheelchair users. The mean age of this cohort was 64.2 years per patient (range 24--91 years), of which 26% were \<50 years of age. Of the 9%, 2% of these patients had a category 1 PU, 2% had a category 2 PU, 5% had a category 3 PU and \<1% had a category 4 PU.

Diagnosis and patient management {#s3b}
--------------------------------

Sixty per cent of the PUs were first recorded in the patients' records by GPs, 18% by district nurses, 14% by practice nurses and 8% by other healthcare professionals. Location of the ulcer was not specified in \>95% of cases. However, 23% of patients received prescriptions for bandages which may indicate that at least 23% of the wounds were on a limb, as not all lower limb PUs would necessarily require a bandage as part of their management. Additionally, 50% of patients with a category 1 PU did not receive any dressings.

Patients' initial treatment ([table 3](#T3){ref-type="table"}) varied according to category of PU ([table 4](#T4){ref-type="table"}). Patients continued to be prescribed their initial mix of dressings until such time as their wound healed ([table 3](#T3){ref-type="table"}). Nearly half the patients received multiple dressings in the first month of treatment decreasing to 12% of patients by the 12th month of treatment ([figure 1](#F1){ref-type="fig"}). Patients who were treated with multiple dressings received between a mean of two and three dressings. Additionally, 2% of patients with a category 3 PU and 5% of those with a category 4 PU received negative pressure wound therapy.

![Patients who received multiple dressings.](bmjopen-2018-021769f01){#F1}

###### 

Dressings prescribed over the 12 months following initial presentation

  Month of treatment   Percentage of patients who were treated with the following dressings                                        
  -------------------- ---------------------------------------------------------------------- ---- ---- ---- ---- ---- --- --- --- ---
  1                    20                                                                     16   17   14   14   7    5   4   3   1
  2                    21                                                                     12   17   17   12   8    4   3   5   1
  3                    23                                                                     13   16   14   11   9    4   3   5   1
  4                    21                                                                     11   18   14   12   10   5   5   4   1
  5                    21                                                                     15   17   13   11   9    6   3   5   0
  6                    20                                                                     11   20   15   12   10   5   3   4   0
  7                    24                                                                     11   16   14   11   11   3   5   4   1
  8                    21                                                                     14   21   15   8    10   3   3   3   1
  9                    23                                                                     14   17   14   10   7    4   6   4   0
  10                   20                                                                     15   16   15   12   8    3   5   5   1
  11                   21                                                                     12   22   12   7    10   4   5   5   2
  12                   20                                                                     14   23   13   9    9    2   2   5   2

###### 

Dressings prescribed at the time of initial presentation

  Category of PU   Percentage of patients who were treated with the following dressings for their initial treatment                                           
  ---------------- -------------------------------------------------------------------------------------------------- ---- ---- ---- ---- ---- ---- ---- ---- ---
  1                18                                                                                                 5    14   14   0    0    9    0    5    0
  2                53                                                                                                 20   33   20   20   7    7    20   0    0
  3                38                                                                                                 32   34   28   27   14   10   5    9    1
  4                40                                                                                                 45   30   29   20   10   11   10   5    1
  Unstageable      28                                                                                                 44   24   40   44   16   8    4    16   4

PU, pressure ulcer.

Overall, patients' dressings were changed twice a week. However, this varied according to category of ulcer.Those with a category 1 PU had one nursing visit/dressing change per week.Those with a category 2 PU had three dressing changes per 2 weeksThose with a category 3 PU had two dressing changes per week.Those with a category 4 PU had three dressing changes per weekThose with an unstageable PU had two dressing changes per week.

In addition to dressings and bandages, 94% of patients were prescribed an analgesic or NSAID, and 18% were prescribed a systemic anti-infective at the time of diagnosis. Over the study period, 53% of all patients were prescribed a systemic anti-infective, although it is not possible to confirm if this was wound-related, and 50% of all patients received an antimicrobial dressing.

Healthcare resource use associated with managing a PU in clinical practice is shown in [table 5](#T5){ref-type="table"}. Patients were predominantly managed in the community by nurses. Resource use associated with managing a category 1 PU was substantially less than that associated with managing the other categories of PU. Only 12% of patients were recorded as having seen a specialist physician in the 12 months from initial presentation, of which 65% of the patients had a category 3 ulcer. The other 35% of the patients had an equal mix of all the other categories. There was no evidence of 33% of patients having seen their GP during the 12 months from initial presentation and \<2% of patients saw a dietitian.

###### 

Healthcare resource use associated with managing PUs in clinical practice

  Resource use                              Mean amount of resource use per patient over 12 months from initial presentation                                      
  ----------------------------------------- ---------------------------------------------------------------------------------- ------- -------- -------- -------- --------
  District nurse visits                     101.56                                                                             23.50   99.33    109.14   141.40   101.20
  Dressings                                 196.97                                                                             29.59   207.00   211.33   252.90   217.36
  Prescriptions for analgesics and NSAIDs   7.00                                                                               0.91    4.33     6.76     13.10    10.24
  Bandages                                  15.46                                                                              0.59    20.53    16.30    20.48    17.24
  Prescriptions for anti-infectives         1.46                                                                               0.05    1.60     2.40     2.80     1.70
  General practitioner visits               1.20                                                                               0.59    0.93     1.21     1.60     1.56
  Practice nurse visits                     2.30                                                                               0.95    2.00     2.24     3.70     2.60
  Negative pressure wound therapy           0.47                                                                               0.00    0.00     0.54     1.50     0.00
  Hospital outpatient visits                0.16                                                                               0.14    0.20     0.17     0.00     0.24
  Topical treatments                        6.54                                                                               0.00    8.00     8.44     10.50    0.00
  Laboratory tests                          0.03                                                                               0.05    0.07     0.02     0.15     0.00

NSAID, non-steroidal anti-inflammatory drug; PU, pressure ulcer.

The records documented that only six patients had direct tissue viability nurse input in their care, with whom they had a mean of two visits. Four of these six patients had a category 3 ulcer and two patients had an unstageable ulcer.

Clinical outcomes {#s3c}
-----------------

In accordance with the study's inclusion criteria, all the patients in our data set survived the period of 12 months following initial presentation. Fifty per cent of all the PUs healed within 12 months from diagnosis ([figure 2](#F2){ref-type="fig"}), and the time to healing among the healed patients was a mean of 5.4 months per patient. However, this varied according to category. The time to healing was a mean of 1.1 months per patient with a category 1 PU, 5.0 months per patient with a category 2 PU, 7.7 months per patient with a category 3 or 4 PU and 10.0 months per patient with an unstageable PU.

![Kaplan-Meier time to healing analysis. The healing distribution between the five groups was significantly different (log rank (Mantel-Cox): p\<0.0001). PU, pressure ulcer.](bmjopen-2018-021769f02){#F2}

The distribution of healing between the different categories of PU were significantly different (p\<0.001) ([figure 2](#F2){ref-type="fig"}). All the category 1 PUs resolved within 12 months of diagnosis compared with 69% of category 2 PUs, 41% of category 3 PUs, 21% of category 4 PUs and 36% of unstageable PUs.

At the end of 12 months, 42% of patients with a BMI of \<18.5 kg/m^2^ had a healed PU compared with 53% of patients who had a BMI of ≥18.5 to ≤24.9 kg/m^2^ and 51% of patients who had a BMI of ≥25.0 kg/m^2^ ([figure 3](#F3){ref-type="fig"}). Furthermore, the time to healing was lengthened in those patients with a BMI of \<18.5 kg/m^2^ (7.0 vs 4.9 months per patient). These differences did not reach statistical significance. Additionally, the PU of 43% of patients with diabetes healed over the 12 months follow-up period compared with 44% of patients without diabetes. However, the time to healing was lengthened in those patients with diabetes (5.5 vs 4.7 months per patient).

![Wound healing stratified by body mass index (BMI, kg/m^2^).](bmjopen-2018-021769f03){#F3}

Cost of patient management {#s3d}
--------------------------

The mean NHS cost of wound care in clinical practice over 12 months was an estimated £8720 per PU. However, this varied between £1382 per patient with a category 1 PU and \>£8500 per patient with a category 2, 3 or 4 PU or an unstageable PU ([table 6](#T6){ref-type="table"}). The cost of managing a PU that remained unhealed at 12 months was 2.4 times more than that of managing a healed PU (£5140 per healed PU vs £12 300 per unhealed PU) ([table 7](#T7){ref-type="table"}). [Figure 4](#F4){ref-type="fig"} illustrates how the monthly cost of PU management varies for all categories of PU.

![Monthly cost of wound care. NHS, National Health Service; PU, pressure ulcer.](bmjopen-2018-021769f04){#F4}

###### 

Cost of healthcare resource use associated with managing PUs in clinical practice at 2015/2016 prices (percentage of total cost is in parentheses)

  Resource                                  Mean cost of resource use per patient over 12 months from initial presentation                                                                             
  ----------------------------------------- -------------------------------------------------------------------------------- ----------------- ----------------- ----------------- ------------------- -----------------
  District nurse visits                     £7144.77 (82%)                                                                   £1174.33 (85%)    £7118.30 (82%)    £7982.43 (82%)    £8298.33 (82%)      £7236.48 (80%)
  Dressings                                 £915.59 (10%)                                                                    £106.96 (8%)      £910.22 (11%)     £1039.59 (11%)    £948.57 (9%)        £974.14 (11%)
  Prescriptions for analgesics and NSAIDs   £191.86 (2%)                                                                     £17.62 (1%)       £129.17 (1%)      £200.25 (2%)      £258.53 (3%)        £286.83 (3%)
  Bandages                                  £182.69 (2%)                                                                     £4.81 (\<1%)      £223.49 (3%)      £198.83 (2%)      £165.59 (2%)        £246.46 (3%)
  Prescriptions for anti-infectives         £33.32 (\<1%)                                                                    £0.74 (\<1%)      £37.24 (\<1%)     £34.04 (\<1%)     £53.37 (1%)         £39.95 (\<1%)
  General practitioner visits               £106.78 (1%)                                                                     £37.48 (3%)       £84.89 (1%)       £112.56 (1%)      £119.18 (1%)        £141.58 (2%)
  Practice nurse visits                     £65.35 (1%)                                                                      £19.72 (1%)       £59.26 (1%)       £67.86 (1%)       £89.78 (1%)         £76.87 (1%)
  Negative pressure wound therapy           £19.54 (\<1%)                                                                    £0.00 (\<1%)      £0.00 (\<1%)      £23.84 (\<1%)     £52.82 (1%)         £0.00 (\<1%)
  Hospital outpatient visits                £32.06 (\<1%)                                                                    £19.00 (1%)       £39.96 (\<1%)     £35.33 (\<1%)     £0.00 (\<1%)        £47.85 (1%)
  Topical treatments                        £28.07 (\<1%)                                                                    £1.38 (\<1%)      £60.53 (1%)       £19.67 (\<1%)     £78.74 (1%)         £35.32 (\<1%)
  Laboratory tests                          £0.12 (\<1%)                                                                     £0.13 (\<1%)      £0.28 (\<1%)      £0.07 (\<1%)      £0.51 (\<1%)        £0.00 (\<1%)
  Total                                     £8720.17 (100%)                                                                  £1382.17 (100%)   £8663.34 (100%)   £9714.47 (100%)   £10 065.42 (100%)   £9085.49 (100%)

NSAID, non-steroidal anti-inflammatory drug; PU, pressure ulcer.

###### 

Cost of healthcare resource use associated with managing healed and unhealed PUs in clinical practice at 2015/2016 prices (percentage of total cost is in parenthesis)

  Resource                                  Mean cost of resource use per patient over 12 months from initial presentation   
  ----------------------------------------- -------------------------------------------------------------------------------- -------------------
  District nurse visits                     £4133.58 (80%)                                                                   £10 108.79 (82%)
  Dressings                                 £530.00 (10%)                                                                    £1277.43 (10%)
  Prescriptions for analgesics and NSAIDs   £102.48 (2%)                                                                     £276.56 (2%)
  Bandages                                  £141.61 (3%)                                                                     £257.03 (2%)
  Prescriptions for anti-infectives         £9.93 (\<1%)                                                                     £51.97 (\<1%)
  General practitioner visits               £80.62 (2%)                                                                      £134.48 (1%)
  Practice nurse visits                     £72.95 (1%)                                                                      £74.49 (1%)
  Negative pressure wound therapy           £0.00 (\<1%)                                                                     £47.60 (\<1%)
  Hospital outpatient visits                £36.08 (1%)                                                                      £33.71 (\<1%)
  Topical treatments                        £35.73 (1%)                                                                      £33.83 (\<1%)
  Laboratory tests                          £0.07 (\<1%)                                                                     £0.17(\<1%)
  Total                                     £5143.05 (100%)                                                                  £12 296.06 (100%)

NSAID, non-steroidal anti-inflammatory drug; PU, pressure ulcer.

District nurse visits were the primary cost driver and accounted for ≥80% of the cost of patient management. Dressings and bandages accounted for up to 15% of the cost of patient management. Of the total NHS cost of managing this cohort of PUs, 98% was incurred in the community and the remainder in secondary care. Furthermore, the distribution of costs was unaffected by category of ulcer or whether the wound healed.

Among patients with a BMI \<18.5 kg/m^2^, the mean NHS cost of wound care over 12 months was £9460 per patient compared with £8620 per patient for those with a BMI ≥18.5 kg/m^2^. Additionally, the mean NHS cost of wound care over 12 months was £8620 per patient with diabetes and £8800 per patient without diabetes.

Infection {#s3e}
---------

Fourteen per cent of the patients' records documented their PU as being clinically infected at the time of presentation. Another 39% of patients were prescribed a systemic anti-infective or antimicrobial dressing at the initial presentation, suggesting that as many as 53% of all the wounds in our data set may have been considered to be at risk of infection or infected at the time of the initial presentation. Furthermore, 32% of all patients had no recorded infection or antimicrobial dressing prescribed over the 12 months follow-up period ([table 8](#T8){ref-type="table"}).

###### 

Incidence of putative infection with associated healing and costs

                                                                           Percentage of patients (%)   Percentage of patients who healed (%)   Mean time to healing per patient (months)   Mean cost of wound care per patient (£)
  ------------------------------------------------------------------------ ---------------------------- --------------------------------------- ------------------------------------------- -----------------------------------------
  No infection                                                             32                           40                                      3.37                                        4662
  Received only an antimicrobial dressing                                  15                           19                                      5.33                                        7368
  Prescribed an anti-infective with or without an antimicrobial dressing   53                           14                                      7.73                                        10 906
  Prescribed an anti-infective with an antimicrobial dressing              35                           13                                      8.44                                        13 341
  Prescribed an anti-infective without an antimicrobial dressing           18                           16                                      6.67                                        7556

According to documentation in the patients' records, 53% of patients were prescribed a systemic anti-infective for a mean of 1.4 months per patient. Additionally, 15% of patients received only a topical antimicrobial, indicative of concern about the local bioburden or a possible localised wound infection. The duration of continuous prescribing of a topical antimicrobial was a mean of 3.5 months per patient. However, 10% of patients received continuous prescribing of a topical antimicrobial for \>6 months.

Of the 32% of patients who did not have an infection, 40% of the PUs healed within a mean of 3.4 months. The PU healing rate was significantly lower among patients with a putative infection (p\<0.005), and the mean time to healing was significantly longer (p=0.001) ([table 8](#T8){ref-type="table"}). Furthermore, the cost of wound management of an uninfected PU was at least 37% less than that of a wound with a putative infection (p\<0.001) ([table 8](#T8){ref-type="table"}). The percentage of putative infections and associated costs varied according to category of PU ([table 9](#T9){ref-type="table"}).

###### 

Incidence of putative infection with associated healing and costs stratified by category of PU

                                                                 Percentage of cohort (%)   Percentage of cohort that healed (%)   Mean time to healing per patient (months)   Mean cost of wound care per patient (£)
  -------------------------------------------------------------- -------------------------- -------------------------------------- ------------------------------------------- -----------------------------------------
  Category 1 PU                                                                                                                                                                
   No infection                                                  82                         100                                    1.17                                        741
   Received only an antimicrobial dressing                       18                         100                                    4.00                                        4446
   Prescribed an anti-infective                                  0                                                                                                             
  Category 2 PU                                                                                                                                                                
   No infection                                                  53                         57                                     4.86                                        3516
   Received only an antimicrobial dressing                       47                         0                                                                                  12 103
   Prescribed an anti-infective                                  0                                                                                                             
  Category 3 PU                                                                                                                                                                
   No infection                                                  27                         23                                     6.63                                        4828
   Received only an antimicrobial dressing                       20                         16                                     7.96                                        7266
   Prescribed an anti-infective                                  53                         15                                     8.40                                        9589
   Prescribed an anti-infective with an antimicrobial dressing   36                         11                                     9.00                                        11 049
   Prescribed only an anti-infective                             17                         24                                     7.80                                        6390
  Category 4 PU                                                                                                                                                                
   No infection                                                  24                         0                                                                                  7609
   Received only an antimicrobial dressing                       \<1                                                                                                           
   Prescribed an anti-infective                                  75                         20                                     7.33                                        16 289
   Prescribed an anti-infective with an antimicrobial dressing   45                         33                                     7.33                                        16 446
   Prescribed only an anti-infective                             30                         0                                                                                  16 054
  Unstageable PU                                                                                                                                                               
   No infection                                                  19                         25                                     5.00                                        3387
   Received only an antimicrobial dressing                       \<1                                                                                                           
   Prescribed an anti-infective                                  80                         5                                      9.00                                        8109
   Prescribed an anti-infective with an antimicrobial dressing   48                         8                                      9.00                                        8988
   Prescribed only an anti-infective                             32                         0                                                                                  6791

PU, pressure ulcer.

Fifteen per cent of patients subsequently developed a confirmed or suspected wound infection a mean 4.7 months after initial presentation. The cost of wound management among these patients was a mean £9437 per patient.

If prescribing of (1) antimicrobial dressings and (2) systemic anti-infectives is a proxy for a suspected infection, then it can be inferred that healing was impaired among patients who were considered to have an infection ([figures 5−7](#F5 F6 F7){ref-type="fig"}). Binary logistic regression showed that within the limitations of the data documented in the records, the presence of a putative infection (ie, patients who were prescribed an antimicrobial dressing and/or a systemic anti-infective) was an independent risk factor for decreased healing (OR 0.294, 95% CI 0.154 to 0.559; p\<0.001).

![Kaplan-Meier time to healing analysis for patients who did and did not receive antimicrobial dressings. The healing distribution between the two groups was significantly different (log rank (Mantel-Cox): p=0.006).](bmjopen-2018-021769f05){#F5}

![Kaplan-Meier time to healing analysis for patients who did and did not receive prescribed systemic anti-infectives. The healing distribution between the two groups was significantly different (log rank (Mantel-Cox): p\<0.001).](bmjopen-2018-021769f06){#F6}

![Kaplan-Meier time to healing analysis for patients who did and did not receive an antimicrobial dressing and/or prescribed systemic anti-infectives. The healing distribution between the two groups was significantly different (log rank (Mantel-Cox): p\<0.001).](bmjopen-2018-021769f07){#F7}

Sensitivity analyses {#s3f}
--------------------

Sensitivity analysis showed that if the probability of healing was reduced by 25%, from 50% to 38%, the mean NHS cost of wound care over 12 months would increase by 10% to an estimated £9614 per PU. Conversely, if the probability of healing was increased by 25%, from 50% to 63%, the mean NHS cost of wound care over 12 months would decrease by 10% to an estimated £7825 per PU. If the unit cost of wound care products was decreased or increased by 25%, the mean NHS cost of wound care over 12 months would only vary by 3% from the mean value (range £8435--£9004 per PU). However, if the number of district nurse visits changed by 25% below or above the base case value, the mean NHS cost of wound care over 12 months would vary by 20% from the mean value (range £6939--£10 500 per PU). Conversely, if the number of practice nurse visits changed by 25% below or above the base case value, the mean NHS cost of wound care over 12 months would vary by \<1% from the mean value (range £8701--£8738 per PU). If the number of GP visits changed by 25% below or above the base case value, the mean NHS cost of wound care over 12 months would vary by \<1% from the mean value (range £8693--£8746 per PU). Changes to the use of other resources had a minimal impact on the mean NHS cost of wound care in clinical practice.

Discussion {#s4}
==========

The population reported in this study are those patients who developed a PU in the community and survived for at least a year following diagnosis, and may well be different to the cohort of patients who develop a hospital-acquired PU while being an inpatient. The THIN database does not define what a PU is. Instead, it was a clinical diagnosis by the nurses/GPs who managed these patients, although it is unknown whether they used any consistent definition or categorisation system, such as the recommended EPUAP classification system.[@R5] Nevertheless, it is the authors' understanding that this analysis provides the first study of how PUs are diagnosed and managed in clinical practice in the community in the UK.

Our analysis suggests that PUs are often complex wounds occurring in patients with significant comorbidity, the management of which is associated with significant resource use. Wound management is a major cost item in the overall NHS budget.[@R6] The Burden of Wounds study[@R6] identified the major cost drivers within the overall wound care budget and provided insight into areas where care improvements could potentially result in improved clinical outcomes while generating cost savings. This analysis found the mean NHS cost of wound care over 12 months from initial presentation to be an estimated £8700 per PU. However, this ranged from £1400 for a category 1 PU to \>£8500 for the other categories. These costs are consistent with those reported by Bennett *et al* [@R17] and subsequently updated by Dealey *et al*,[@R18] who estimated the cost of treating a PU varies from £1214 (category 1) to £14 108 (category 4) at 2011 prices. They also found that costs increase with ulcer severity and that the cost per episode increased if the wound became infected,[@R18] consistent with the findings reported in this study.

Moreover, at least half of all the PUs in this data set were considered to be at risk of infection or infected at the time of presentation. This estimate was based on documentation of infection in the patients' records and the use of antimicrobial dressings and anti-infective prescriptions. The authors recognise the potential weakness of this estimate as systemic anti-infectives are frequently prescribed in general practice on the basis of wound swabs, and this is openly criticised by microbiology and infectious disease experts worldwide. Furthermore, antimicrobial dressings are prescribed prophylactically in clinical practice for wounds that are both infected and uninfected. The relative effects of systemic and topical antimicrobial treatments on PUs are unclear,[@R19] and the National Institute for Health and Care Excellence (NICE) recommends that topical antimicrobials and antiseptics should not be routinely used to treat a PU in adults.[@R10]

Notwithstanding this, resource use associated with managing a putative infected wound was found to be greater than that of an uninfected wound as the healing rate was lower and time to healing was longer. So too was resource use associated with managing unhealed PUs compared with healed wounds. Consequently, the cost of managing an unhealed PU was 2.4 times more than that of managing a healed PU (£5140 per healed PU vs £12 300 per unhealed PU), and the cost of managing a putative infected wound was at least 1.5 times more than that of an uninfected wound. This is consistent with our Burden of Wounds study.[@R6] The time to healing a wound is clearly an important factor in driving costs. Accordingly, the cost of PU management can be affected by a combination of resources required for dressing changes, complexity of some treatment regimens and infection.[@R7] Hence, cost-effective management and healing of PUs remain a challenging problem.

PUs are generally a complication of serious acute or chronic illness in patient populations characterised by high levels of comorbidity,[@R20] as observed in this study's cohort. PUs are a cross-specialty problem.[@R20] Nevertheless, there appears to have been minimal involvement of specialist clinicians in the management of the wounds in this study's cohort. Only 3% of patients were recorded as having seen a tissue viability nurse and 12% of patients as having seen a specialist physician in the 12 months from initial presentation. It is possible that more patients received multidisciplinary care than those for whom it was recorded in the THIN database. However, there was minimal evidence of this within the records, and there was no evidence of a coordinated shared treatment plan.

There was no evidence in the patients' records that any of the PUs had been reported as a clinical incident. However, if incident reporting software (such as Datix) had been used, that would not necessarily be recorded in the THIN records, since the THIN database is essentially used for patient management and not incident reporting.

A category 1 PU is an early manifestation of tissue damage without a break in the skin. It either resolves or progresses into more significant tissue damage and ulceration. As the skin is intact with category 1 PUs, the damaged area will need protection and monitoring, but dressings are not always necessary.[@R21] The outcomes reported in this study are based on the highest grading recorded for the wound, and in 95% of cases they are the only grading reported. The data on dressing usage ([table 4](#T4){ref-type="table"}) would suggest that a number of the category 1 wounds may have progressed to skin breakdown or were initially assessed incorrectly as category 1. Although soft polymer and foam dressings may, in some cases, be used on intact skin, it is unlikely that antimicrobials or hydrogels would be appropriate dressings in this situation. Nevertheless, all the PUs classified as category 1 damage in this cohort resolved, although 14% took \>3 months to resolve. This, along with the recorded dressing usage suggest that some of these wounds may have involved a degree of skin breakdown, which was not reflected in a recategorisation of the pressure damage.

This study highlights the apparent lack of treatment planning, re-assessment and re-evaluation of care for most patients with a PU in the community. The patients' combination of dressings and bandages remained unchanged for the length of time they had the PU, and there was no correlation between wound duration and senior involvement in direct patient care. Dressing selection should be based on an individual patient's requirements and should consider a patient's pain and tolerance, position of the ulcer, amount of exudate and frequency of dressing change.[@R10] Ideally, a dressing that promotes a warm, moist wound healing environment should be used to treat category 2, 3 and 4 PUs.[@R10] However, several systematic reviews found alginates to be no different to other dressings in treating PUs,[@R22] and it is unclear whether foam dressings or hydrogel dressings are more or less clinically effective compared with alternative dressings in treating PUs.[@R23] Of even more concern is that a recently published network meta-analysis was unable to determine which (if any) dressings or topical agents are most likely to heal PUs, and whether any of the treatments examined are more effective than saline gauze.[@R25]

There was minimal documentation in the patients' records regarding the provision of pressure redistributing devices to a patient's home, possibly reflecting the lack of transfer of documentation from Social Services to the patients' records. One recent study in Oxford found that only one-third of pressure-redistributing devices provided to patients with a PU were used as recommended.[@R26] NICE recommends the use of pressure relieving devices for all adults with a PU. However, neither this document nor any other that the authors could find discuss how the use of such devices should be monitored.[@R10] Clearly, improving management practices could generate better outcomes for patients and would be cost-effective for the NHS.

Other measures that could help overcome some of the problems encountered in clinical practice and achieve better outcomes include:Improving diagnostic support and implementing integrated progressive care pathways with defined trigger points for senior involvement and onward referral for specialist care.Assessment of a patient's nutritional status and provision of supplements, if indicated.Improving co-ordination and documentation between health and social care in relation to the provision of pressure redistributing devices.Prescribing systemic antibiotics and antiseptics if there is any clinical evidence of systemic sepsis or spreading cellulitis.[@R19]

These measures are consistent with the NICE guidelines[@R10] and should help improve wound-healing rates and reduce infection. This in turn should reduce workload and associated healthcare resource use and lead to reductions in the cost of wound care. NICE also recommends that patients with a PU are not routinely offered either negative pressure wound therapy, unless it is necessary to reduce the number of dressing changes (eg, in a wound with a large amount of exudate) or hyperbaric oxygen therapy and electrotherapy.[@R10] The decision to debride a PU, particularly the use of conservative sharp debridement or surgical debridement, should be based on the amount of necrotic tissue, the category, size and extent of the PU and a patient's comorbidities.[@R10]

The NHS has a number of ongoing national PU prevention campaigns.[@R8] These include 'Stop the Pressure' campaign, which aims to eliminate avoidable PUs,[@R8] and 'React to Red', which includes an education and competency framework and which was initially designed specifically for staff working in care homes, but is now being used across all sectors, with the aim of reducing the incidence of PUs.[@R8]

Despite the impact of these ongoing PU prevention strategies, we predict that PU management is going to remain challenging. The number of new PUs in the UK has been estimated to rise to 200 000 in 2017/2018 and is predicted to cost the NHS an estimated £1.74 billion in the first 12 months from onset, if the annual prevalence continues to increase unchecked.[@R16] These costs would be in addition to the cost of managing the existing PUs, which can only be reduced by improving outcomes and healing rates. Clearly, training non-specialist nurses in preventative strategies and the appropriate management of PUs is a prerequisite to overcoming some of the problems encountered in clinical practice and to achieving better health outcomes than those currently being observed.

Study limitations {#s4a}
-----------------

The advantages and disadvantages of using patients' records in the THIN database for health economic studies in wound care have been previously discussed.[@R6] In summary, the advantage of using the database is that the patient pathways and associated resource use are based on real-world evidence derived from clinical practice. However, the analyses were based on clinicians' entries into their patients' records and inevitably subject to a certain amount of imprecision and lack of detail. Moreover, the computerised information in the database is collected by GPs and nursing teams for clinical care purposes and not for health economics research. Prescriptions issued by GPs and practice nurses are recorded in the database, but it does not specify whether the prescriptions were dispensed or detail patient compliance with the product. The patients' records do not directly refer to multiple PUs. The authors accept that some patients may have had more than one PU, but these data were not accurately or consistently documented. However, in many ways the number of wounds *per se* is extraneous as we are not addressing the cost of treating a wound, but the cost of managing a patient with a PU until the healing of the 'last' wound. Additionally, the accuracy of wound descriptors and other terminology have not been validated, but does reflect real-world documentation in clinical practice. The consistent application of wound descriptors across all healthcare providers would allow more accurate reporting of PU categories, improve clinical management and resource utilisation and should optimise patient outcomes. A wound assessment minimum data set has been developed within NHS England to support clinical practice, documentation and reported quality standards (Commissioning for Quality and Innovation (CQUIN)).[@R27] Despite these limitations, it is the authors' opinion that the real-world evidence contained in the THIN database has provided a useful perspective on the management of PUs in the community in the UK and the associated costs.

The analysis was truncated at 12 months. Hence, the study does not consider the potential impact of those wounds that remained unhealed beyond the study period. Also excluded is the potential impact of managing hospital inpatients with a PU and those being cared for in nursing/residential homes. The analysis only considered NHS resource use and associated costs for the 'average patient' and was not stratified according to gender, comorbidities, disease-related factors and level of clinicians' skills. Costs incurred by non-NHS organisations, patients' costs and indirect societal costs as a result of patients being absent from work were also excluded from the analysis. However, patients' mean age was *\>*65 years, so it is unlikely that many were in employment.

Conclusion {#s5}
==========

The real-world evidence in this study provides important insights into a number of aspects of PU management in clinical practice in the community in the UK that have been difficult to ascertain from other published studies. Additionally, it provides the best estimate available of NHS resource use and costs with which to inform policy and budgetary decisions pertaining to managing these wounds. Clinical and economic benefits to both patients and the NHS could accrue from strategies that focus on (a) wound prevention, (b) improving wound-healing rates and (c) reducing infection. Clinicians managing PUs may wish to consider the findings from this study when making treatment decisions.
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